Introduction
The most common dental diseases in cats are: periodontal disease, feline odontoclastic resorptive lesions and feline chronic gingivostomatitis. These diseases often cause the loss of teeth or require dental extraction. Complicated crown fracture, with pulp exposure, is an injury that may also require [1] [2] [3] [4] [5] .
The filling of extraction sockets has been recommended to promote osseous growth and maintain alveolar ridge and jaw strength. A variety of bone graft materials have been tried, including autografts, allografts, synthetic materials, osteoinductive substances and osteogenic cells [6] [7] [8] [9] [10] [11] .
Autogenous cancellous bone is regarded as the ideal graft as it provides scaffold for osteoconduction, growth factor for osteoinduction and progenitor cells for osteogenesis 12, 13 .
Cortical bone chips represent an alternative for autologous bone graft. Although they possess weak osteogenic potential, their osteoinductive property is intense 14, 15 .
The objective of the present study was to evaluate bone formation resulting from the placement of autogenous cancellous bone or autogenous cortical bone chips into fresh extraction sockets in cats.
Methods

This study was approved by the Ethics Committee for
Animal Research of UNESP, Araçatuba-SP, Brazil.
Animals and experimental design
Eighteen healthy young adult (aging between 12 and 24 months) mixed breed cats (weighing 2.9 ± 0.4 kg) were utilized.
Nine spayed females and 9 neutered males were used and evenly distributed among 3 groups. Unilateral extraction of mandibular canine tooth was performed at random in either the right or left side. In group 1, control, the extraction socket was left empty. In group 2, the extraction socket was filled with autogenous cancelous bone from the iliac crest and in group 3, with autogenous cortical bone chips from the iliac crest. Cats were euthanized at 6 weeks postoperative
Surgical procedure
Food was withheld for 12 hours prior to anesthesia. The cats were premedicated with atropine (0.05 mg/kg SC), xylazine (2 mg/kg SC) and ketamine (15 mg/kg SC). Thiopental (5mg/kg IV) was administered to allow endotracheal intubation. Inhalation anesthesia was maintained with halothane and oxygen. Fentanyl 
Postoperative observations and radiographs
Oral alimentation was reinitiated 24 hours after surgery with canned food. This soft food was offered during 5 days. After this period, the animals were fed with commercial dry feline diet.
Radiographs were performed immediately after surgery and at the end of the study, i.e., after 6 weeks postoperative. The lateral and dorsoventral views of the mandible were taken.
Macroscopic analysis, histolopathology and histometry
The cats were euthanized at 6 weeks postoperative by intravenous thiopental overdosage. Block sections of the mandible that contained the extraction wounds were prepared, fixed in 10%
formalin and decalcified in an aqueous solution of 5.66 formalin 10% to 1 of nitric acid (v/v). The demineralised specimens were dehydrated in ethanol, clarified in xylol and embedded in paraffin. Thin sections were made transversely and stained with hematoxylin-eosin for microscopic evaluation. For the histometric analysis, the images of sections were acquires using a digital camera (Olympus DP71) coupled to a microscope (Olympus BX61). The percentage of newly formed bone within the extraction socket was measured using the Image Pro Plus 6.1 software.
Statistical analysis
Non-parametric tests were utilized for the data analysis, taking into consideration the nature of the variables. KruskalWallis' test was used to compare histometric data among the three groups. Significance was set at p≤0.05.
Results
There were no clinical complications and the extraction wounds healed uneventfully. The synthetic absorbable sutures applied to the gingiva disappeared in 15 days after surgery. During the experimental period the cats showed normal activity and mastication.
Crown and/or root fracture occurred in 10 of 18 extractions and the histological sections of 2 cats of group 1, one from group 2 and one from group 3 showed root remnants.
Even so, there was no case of inflammation or fistulation in the extraction wounds. Cats from groups 2 and 3, in which autogenous bone graft was harvested from the iliac wing, showed normal deambulation after surgery. The surgical wounds in the iliac crest region also healed satisfactorily.
Immediate postoperative radiographs in dorsoventral view showed a radiolucent area at the extraction wound ( Figure 1 ).
A decreased radiolucency was observed on the radiographs taken Histological examination showed formation of woven bone within the extraction socket ( Figures 3, 4 and 5).
Areas of connective tissue were seen among bone trabeculae, indicating that the regeneration of extraction socket occurred by intramembranous ossification. The percentage of newly formed bone within the extraction socket was measured by the histometry.
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Even after extensive exposure of the root, the canine tooth remains firmly adhered to the mandible and considerable force is necessary to disrupt the periodontal ligament. In cats and small dogs, the jaw can be fractured by excessive force. Therefore, the surgeon must keep the largest possible contact between their fingers and the mandible, to dissipate the applied force 5 . In the present study, no case of mandible fracture occurred. However, the fracture of the crown and/or the root was observed in 10 out 18 cats undergoing dental extraction, confirming that the thin and delicate teeth of cats are particularly susceptible to fractures 5 . The fragments were retrieved, but the histological examination showed microscopic root remnants in 4 cats. These animals did not present inflammation or fistulation in the extraction wounds.
In order to facilitate surgical procedures, harvesting of autogenous bone was performed before tooth extraction in the present study. According to Laursen et al. 16 , that investigated the quality of autogenous bone graft by means of osteoblast-like cell proliferation in vitro, there was no statistically significant difference between the samples harvested shortly before the grafting procedure and those storaged in saline solution at room temperature for up to 2 hours.
In group 2 of this study, the extraction sockets were filled with particulate cancellous bone. We used small particles of 1 to 3 mm diameter. In an experiment with rabbits, Pallesen et al. 17 found better bone regeneration in defects filled with small autogenous bone particles (0.5 to 2 mm 3 ) than in those filled with large particles of 10 mm 3 .
Bone loss resulting from partial alveolectomy and absence of canine tooth was not observed on radiographs in lateral projection taken in the immediate postoperative period due to the overlapping of the bones. Nevertheless an area of radiolucency was detected at the extraction wound on the radiographs in dorsoventral view. Decreased radiolucency was observed on radiographs taken 6 weeks after surgery.
Six weeks after extraction of the mandibular canine, the extraction socket was filled with trabeculae of cancellous bone. The experimental study in dogs of Araújo and Lindhe 15 showed that the anorganic bovine sites exhibited a delayed healing pattern in comparison with sockets that had been filled with chips of autologous bone harvested from the mandible. The histometric examinations performed after 3 months of healing showed less mineralised bone in the xenograft-treated sites (43.5 versus 57.2%).
Histometric examinations of the experimental study in dogs of Gauthier et al. 7 demonstrated that the mean rate of newly formed bone in extraction sockets filled with calcium phosphate (45%) was lower to that observed in control sites (64%), 3 months after tooth extraction. Another histometric study in dogs suggested more intensive bone regeneration in the early healing phase (6 weeks) when platelet-rich plasma was combined with tricalcium phosphate for the filling of extraction sockets, since the percentage of bone area was lower in the control group than in the test group (30.8 ± 18.8% versus 45.9 ± 20.6%) 9 . In a canine study, the measured bone formation after 49 days was 34% in the extraction sockets filled with hydroxyapatite/tricalcium phosphate cylinders loaded with mesenchymal stem cells 10 .
Conclusion
The bone regeneration observed in the extraction sockets filled with autogenous cancellous bone or autogenous cortical bone chips was similar to that observed in the control sites, given an observation period of 6 weeks after extraction of the mandibular canine tooth.
